This study investigates the effects of software piracy on economic growth around the world for the years 2000 to 2014, using panel data structure with fixed effects to capture this relationship, plus year dummies. Our findings suggest, in general, that software piracy has a negative impact on growth and that this relationship seems to be non-linear.
it is verified if the effect for the commercial value lost by the use of unlicensed software remains; and (v) the sample is stratified to verify whether the effect of piracy is different in developed and developing economies. In order to overcome the problem in question, as already mentioned, a structure of data in panel is explored for 95 countries within the period between 2000 and 2014, and equations estimated that relate the GDP growth to software piracy by controlling for fixed country effects. The identification hypothesis for the establishing of a causal relationship is that the unobservable factors correlated with software piracy and GDP growth simultaneously are fixed throughout time. Social norms and institutions, for example, are two of the possibly unobservable factors that are correlated with piracy and economic growth and can be reasonably characterized as fixed over time because they vary little over short time frames (Glaeser, La Porta, Lopes de Silanes, & Sheleifer, 2004) .
The results indicate that there is a negative impact, due to piracy, on the economic growth up to a certain point, since that relation seems to present itself in a convex way. That result is significant, especially for developed countries. On the other hand, for the independent variable of commercial losses, the impact is positive up to a certain point, since the result indicates a concave relationship.
In this way, this work is structured into five sections, beginning with this introduction. In the second part is the literature revision. Immediately after is the presentation of the methodology and data. Finally, the results are shown and it is closed with the final considerations.
Literature Revision
Some authors highlight the importance of human capital for economic growth. It is the case of Schultz (1963) , who stressed the importance of the inclusion of human capital in economic growth models. In this sense, Lucas (1988) emphasized the relevance of that variable when including it in his own models. Romer (1990) analyzed the relation between human capital and growth. The relationship is given in an indirect way, once the initial level of literacy affects the level of investment, which in turn explains the rate of economic growth. Another piece of evidence on this issue is given by Barro (2001) . The author emphasizes the importance of education on growth, distinguishing quantity of quality, measured by the marks in international tests. Although quality may have a higher effect, both points have a positive influence. Besides this, workers with a higher education level would be more efficient with the complementation of new technologies. In this context it is the technological development that possesses an important role on economic growth.
The economic literature allows software piracy to be seen as an illegal activity that affects the economy. Becker (1974) incorporated combat policies towards illegal attitudes in the maximizing problem of the economy. Punishing offenders, for example, also generates a cost to society. Another illegal activity that has an effect on growth is corruption. According to Mauro (1995) that practice reduces private investment which, on its hand, reduces economic growth. These are examples of practices that are a reflection of the institutional quality of countries. Barro and Lee (1994) , studied the economic growth determiners, among them a group of variables that represent market distortions. According to the authors, that variable, besides others such as size of the government and their consumption rate, possess a negative impact on the economic growth. On the other hand, the gross investment rate of GDP has a positive impact on this same dependent variable. Differently, a number of researchers have discussed the relationship of intellectual property rights protection on growth, as the discussion of how intellectual property rights affect the business environment is a frequent pattern among policymakers and researchers. In this sense, Yang (2007) analysed the relation between the business atmosphere and software piracy. One of the highlighted elements is the participation of the countries in intellectual property protection organizations (IPI). According to the authoress, the participation in the IPI strengthens the protection of intellectual property rights, which is extremely important in the combat of piracy, since the diffusion of technology among countries occurs very quickly. The researcher concluded that IPI has an impact only in countries of "low piracy", that is to say, developed countries are more concerned with global recommendations on a better copyright protection environment. Another piece of evidence on this topic is that the more developed economies tend to present a higher level of patent protection. Ginarte and Park (1997) worked on this subject when they created an index of patent rights, seeking to identify which factors have an influence on the maintenance of these rights. In the meantime, it is not the level of development of a nation that determines the provision of patent rights but yes, the economic development determiners, such as the free market, open trade, etc. Therefore, the relationship between economic development and piracy, this being measured through the levels of intellectual protection, are once more emphasized. intellectual property and their impact on economic growth. The researchers observed that there are several channels through which countries can innovate, and that each one gives importance to this fact according to their level of development. Since the protection of patent rights influences directly on technological innovation, hence this is directly associated to the development level of the country.
Further evidence on this subject is given by Kim, Lee, and Park (2012) . According to the authors, greater protection of property rights increases economic growth, stimulating investment in R&D area, only in developed countries (with a statistically insignificant effect for developing countries). This is because the nature of R&D is different for different levels of economic development.
Besides the investment in IPI reducing piracy, some other socioeconomic factors also affect it. Among the simplest relations, Gomes et al. (2015) found the relation of variables such as education and per capita GDP with lower levels of piracy, although with inequality, this relation is negative. But there are more complex variables to measurewhich also affect growth, and are not observed, such as cultural issues. Therefore, in order to be more effective in preventing illegal copying, it is necessary to better understand the scenario. The educational issue is highlighted by Jeong and Khouja (2013) . Following, in line with the fight against piracy, some authors debate that in addition to investing in IPI, there are other ways of doing so. Rao and Klein (1994) believe that legal protection of software -especially through copyright protection -loses its efficiency over time. Instead of this, the enterprises should seek for other methods, such as alliances and diversification of products. Kogan et al (2013) include, besides price strategies, the tactic of periodic updates of the softwares in which it is possible to maximize profit.
On the other hand, there are some studies in the literature that present positive effects of piracy on the growth through diverse ways. One of the ways in which piracy generates positive externalities is by increasing the user base. The issue of diffusion is discussed by Prasad and Mahajan (2003) , where there is an optimum level of piracy according to the type of market, determined by the choice of how much the company should protect itself from illegal copies. That aspect is also investigated by Minniti and Vergari (2010) , who highlight that this effect is more captured still in developing markets, showing through and analyzing how a community of archive sharing affects the profitability of producers of digital goods. In addition, piracy can produce other positive effects, such as signalling and herding effects (Note 1) (Castro et al., 2008) . King and Lampe (2002) mention the possibility of profit maximization when allowing a certain level of piracy (under some hypothesis), since it is not possible to discriminate prices among pirates and legal consumers. That possibility was also confirmed under another viewpoint. Liu et al (2011) showed that, when incorporating the empirical results generated by the diffusion, it is possible to develop an optimal price policy that maximizes the profit, by treating in more than one period.
Some other authors sought to analyse the favourable consequences of piracy in aggregated social terms. Banerjee and Chatterjee (2010) made an analysis in relation to the R&D investment. Assuming that the probability of innovation depends on the level of investment in R&D, monopolistic firms have a delay in the incentive to innovate, in addition to a loss in the company's profit.
However, when there is a competitive market in which firms have different levels of investment, piracy reduces the degree of investment of the most efficient company, while increasing the others, increasing the overall probability of innovation being successful. Then, Waters (2015) discussed the effects on general welfare in an already stabilized (or fixed-size) market, but with an opposite effect in emerging markets. That is because the second can hardly confront piracy delaying the launching of the product, while the first can do it through price strategies. In markets in which the cost of monitoring piracy through the government is higher than the gross social benefit, it does not have the incentives to combat piracy in a dedicated manner, nor does it prevent the company from becoming monopolistic (Sánchez 2010) . Therefore, the enterprise must focus not only on the government's attitude, but also in their own price strategies in order to avoid the entrance of pirates in the market.
In the meantime, piracy can have different effects in the short run as well as in the long run. In the short run, the threat of piracy reduces the price of the product, thus increasing the consumption of authorized copies. However, in the long run, the existence of piracy reduces the quality of the product, which can be mitigated by an increase in the IPI, according to Bae and Choi (2006) . Jaisingh (2009) also claimed that a rigorous policy against piracy can increase it, besides reducing the quality of the product, through the cost of using software for the final consumers. Bezmen and Depken (2004) empirically analysed the relation between piracy and growth. The evidence showed a negative correlation between the variables. Authors used the Human Development Index, supplied by the United Nations Organization end the piracy rate of the BSA.
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International Journal of Economics and Finance Vol. 10, No. 6; 2018 Andrés and Goel (2012) analysed the impact of piracy on development. The authors used the instrumental variables method to assess this issue. According to the researchers, there is a negative impact of piracy on the GDP per capita, that is to say, the higher the level of software imitation, the lower the economic growth of a country, in spite of the relation not being linear. This occurs, since in low levels of piracy there is growth retardation while at higher levels there is a network of externalities that cushion that effect. The authors, meanwhile, believe that there is endogeneity between piracy and growth. They are tempted to overcome the problems instrumenting the software piracy variable through the proportion of people with access to the Internet and by the index of patent rights. However, it is believed that these variables, used as instruments, do not meet the hypothesis of exogeneity. For example, countries with higher GDP growth are more likely to experience higher spending on infrastructure, which in turn can improve the supply of public and private services including Internet services that affect the proportion of users. That possibility, besides others, make that these instrumental variables do not meet the fundamental assumption of exogeneity for the estimations to establish causal links.
Given the evidence presented in the literature, the following are the methodology and data that allow us to evaluate if there is a causal relationship between economic growth and piracy rate.
Data and Methodology
The main source of data related to software piracy are the BSA reports, which is an international organization that represents several of the major software companies worldwide. Regarding economic variables, the economic and governance development indicators of the World Bank were used. With the aim of testing the effect of software piracy and the commercial losses due to the commercialization of unlicensed software in commercial growth, the period of time selected was from 2000 to 2014.
Regarding the variables in table 1 it is important to make some considerations. The logarithm of the variables that were not in percentage terms, that is, of the commercial loss generated by the installation of pirated software (loss) and GDP per capita (gdppc) are taken. Refers to operating expenses in education, including wages and salaries and excluding capital investments in buildings and equipment.
Participation and Responsibility voice
It captures the perception of the extent to which the citizens of a country are able to participate in the choice of their government, as well as freedom of expression, freedom of association, and a free media.
Rule of law
It captures the perception of how agents rely on the validity of society's rules, and in particular the quality of enforcement of contracts, property rights, police and in court, as well as the likelihood of crime and violence.
Source: Prepared by the authors based on BSA (2007, 2009 and 2013) and the Governance and Economic Development Indicators of the World Bank.
The estimation of equations that relate economic performance (GDP growth) against software piracy cannot be performed by the classical Ordinary Least Squares (OLS) method. This stems from the fact that there are unobservable factors simultaneously correlated with economic performance and software piracy. In addition, the endogeneity of equations of this type may be thought to be the result of a simultaneous equations model where at the same time that software piracy determines economic performance, economic performance also leads to software piracy. In view of this problem, the use of alternative strategies is necessary for the identification of the causal impact of software piracy on economic growth.
As already discussed in the introduction, the evidence that exists in the literature is available in the work of Andrés and Goel (2012) and based upon the method of instrumental variables (two-stage estimation). The Vol. 10, No. 6; instruments the authors use, which are proportion of Internet users and patent right index, however, can hardly be considered as exogenous. As already discussed, it is possible that economic performance affects the instruments, or that there are unobservable factors, such as social norms and institutions, that are correlated with the instrument and affect economic performance. Being this so, the estimations presented by the authors are probably biased, not delivering the causal effect of software piracy on economic growth, which is fundamental for the marking-out of the cost and benefit analysis of any anti-piracy policy.
It is necessary to say that finding an adequate instrumental variable for the problem in question is not an easy task. Therefore, in this study, the empirical strategy is based on another method but, believed to be adequate to address the problem in question since it is believed that its identification hypothesis is credible. This is the fixed effects method. With virtually the same database of Andrés and Goel (2012) in terms of analysis units (countries), variables and period, the data panel structure is explored instead of using a cross-section of averages as the authors did. Being thus so, it is possible to control by the unobservable factors that are simultaneously correlated with software piracy and economic performance.
The hypothesis for identifying the impact of interest is that all unobservable factors that cause confusion in identifying the causal impact between piracy and economic growth, are precisely those that are fixed over time, and are controlled. In the present case, it makes sense to imagine that such factors might be social norms and institutions, although in some specifications there are controls for institutions.
Formally, the estimated equation is the following:
The variable y it represents the growth of the GDP of country i in year t. PI it is the piracy variable of country i in year t. Yet X it contains the covariates, important variables to explain the economic growth of the countries. Among the covariates we have, GDP per capita, gross capital formation (% of GDP), Labor force growth, literacy rate, education expenditure (% GNI), participation and accountability, and the Rule of law. But the term α i captures the non-observable fixed components, fixed over time that is believed to be the source of confusion for the identification of the impact of software piracy on economic growth. Finally, λ t represents the dummies of the year to capture shocks over time that affect all observations in the same way. Additionally, the following version of the equation below is also estimated:
The term PI it 2 allows the investigation of nonlinearities of the effect piracy on economic growth. In short, piracy can reduce economic growth to declining rates. A possible explanation for this relation is that small levels of piracy reduce the growth by means of investment but, if piracy grows, up to a limit, the decrease in the GDP growth rate is smaller when compared with that increase. This can happen due to the effects of network externalities or overflow resulting from piracy. Here is what was also done by Andrés and Goel (2012) .
Additionally, the same estimations of (1) and (2) are also performed replacing the piracy variable by the amount in millions of dollars lost by the use of illegal software. Besides that, equations (1) and (2) are also estimated for sub-samples of countries depending on their degree of development. This is done to check the existence of possible heterogeneous effects of software piracy on economic growth due to the countries' previous level of development.
Results
The results of the regressions are presented below. It should be noted that we have an unbalanced panel with 95 countries for the period from 2000 to 2014. In addition, year 2000 was used as reference year for all estimates. The initial idea was to use as a variable, one that controlled the effect of education, the percentage of literate individuals -15 or more years old. However, due to the large presence of "missings" in the referred database, we chose to use for this purpose the variable for education expenditures as a percentage of Gross National Income.
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Vol. 10, No. 6; 2018 Note. Robust Standard Errors between parentheses. * significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
Changing the control to education achieves a significant increase in the number of observations. This result shows that the variable piracy squared has a positive and significant effect, which may indicate that a convex functional form between piracy and the explained variable, although the coefficient is low. The piracy variable presented statistical significance only in models (1) and (2), which did not have the squared piracy variable. However, it is not possible to interpret this result, since the fact that the square pirate variable is significant may represent a poor specification of the model in the case of the omission of such.
From that point, this specification is used as a standard. The next step is to verify the effect of the loss (measured in millions of dollars) of commercial value on the use of pirated software in per capita product growth. Note. Robust Standard Errors between parentheses. * Significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
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International Journal of Economics and Finance Vol. 10, No. 6; It can be observed that the loss due to non-commercialization of the licensed software has a positive and significant effect on the per capita income growth. This effect is only confirmed in models (3), (4) and (5), and their magnitude is little changed. In addition, the quadratic term has a different sign than the piracy variable, indicating a possible concave relationship between per capita GDP growth and the commercial loss generated by the use of unlicensed software. In other words, to some extent, this use would cause the GDP to grow, after reaching this value; the additional increase would entail a reduction in the growth of per capita income.
Differently from Andrés and Goel (2012) it is verified if the effect of piracy is different in developed and developing countries performing two sub-samples for these groups of nations. The results of these estimates are presented in table 4: Note. Robust Standard Errors between parentheses. * Significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
It can be noticed that the effects of piracy do not change much in models (1) and (2) for developed countries. However, its coefficient changes sign in models (3), (4) and (5) as well as that of its quadratic term. In short, piracy can have a smaller positive effect in already developed countries or a strictly negative effect. The actual gain from using pirated software is lower if it is considered that these nations have a higher income level.
In this sense, the effects of piracy on developing countries are also evident. However, no evidence was found to confirm any effect when analysed exclusively in this group of countries. Note. Robust Standard Errors between parentheses. * Significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
The analysis for loss of commercial value for the installation of unlicensed software is resumed. Note that in models (3), (4) and (5) the effect is contrary to that of the variable piracy. There is a concave shape between the variable loss and GDP growth. In other words, there is an optimal level of loss that positively affects Per Capita Income growth, after reaching this point the effect becomes negative. This result can be seen in Table 6 , as follows: Table 6 . Growth and commercial loss due to piracy -developed countries Note. Robust Standard Errors between parentheses. * Significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
When carrying out the same test for developing countries, only in the (3) model we observe that the term of squared losses is significant and negative. Indicating that the effect of commercial losses can be beneficial up to a certain time, but from a certain amount onward that value not billed by the companies result in a negative impact on per capita product.
International Journal of Economics and Finance Vol. 10, No. 6; Note. Robust Standard Errors between parentheses. * Significant at 10%, ** significant at 5%, and *** significant at 1%. We use temporal dummies in all models.
In short, the results showed to be in some way aligned with Andrés and Goel (2012) , although the estimates are more robust. Software piracy has a negative and significant effect on the growth of the product. According to the estimates, these variables seem to have a convexity relation. The loss of commercial value due to the use of non-licensed software presents a positive effect on the growth of the per-capita income, but its quadratic term presents a negative sign indicating a possible concave relation. When sub-samples are performed for developed countries and developing countries, it was noticed that the effects are repeated only in the developed countries.
Final Remarks
This study proposed to evaluate the impact of software piracy on economic growth using data for 95 countries in the years 2000-2014, with data from the Business Software Alliance and the World Bank. According to the literature, piracy is responsible for impacts on growth through different channels, summarized through human capital. On the other hand, it generates positive externalities that can, among other things, increase the general well-being of society, thus presenting a positive relationship with growth. Some authors in the literature lecture on the importance of including human capital in the growth models, while others analyze the relation through the protection of copyright (Ginarte & Park, 1997; Falvey, Foster, & Greenaway, 2006; Kim, Lee, & Park, 2012) . The results found are in the same direction as the study of Andrés and Goel (2012) , although with a more robust statistic and that can be interpreted as causality. Piracy possesses a negative and significant effect on GDP growth, essentially for developed countries.
Even so, like the authors, the relation seems to present itself as convex. The results remained statistically significant when controlled by an education variable. Moreover, the loss of commercial value of software positively affects per capita income, but its results indicate a possible concave relationship. These results were repeated only in the results of the regressions for developed countries, but not for developing ones, which may indicate that more developed software markets and, therefore, with greater protection of intellectual rights, are easier to benefit from the effects of piracy.
Finally, for a new research agenda, it would be interesting to investigate the determinants of piracy, since, knowing the effects of piracy and understanding its causes, governments and leaders can work on policies to minimize the negative effects and take more advantage of the positive ones, thereby increasing the aggregate benefit of piracy on society.
